Objectives: To examine whether changes in cardiovascular disease (CVD) risk factors differ by baseline weight status among young adults who maintained or gained weight. Design: Longitudinal cohort study. Subjects: White and African Americans who either maintained (75 pounds; n ¼ 488) or gained (45 pounds; n ¼ 2788) weight over 15 years. Measurements: Anthropometrics and CVD risk factors were measured at baseline (1985)(1986)) and follow-up. Participants were classified as normal weight (body mass index (BMI) 18.5-24.9 kg/m 2 ) or overweight (BMI X25 kg/m 2 ) at baseline. Multivariable models were stratified by ethnicity and weight change category. Results: Normal weight maintainers tended to have more favorable risk factors at baseline and follow-up than overweight maintainers. Size and direction of 15-year changes in risk factors were similar by weight status, except that in white normal weight maintainers changes in high-density lipoprotein (HDL)-cholesterol (3.3 mg/dl (95% confidence interval (CI): 0.4, 6.3)) and triglycerides (À14.7 mg/dl (À25.8, À3.7)) were more favorable. Weight gain was associated with unfavorable changes in risk factors. Weight gainers normal weight at baseline had less adverse changes in glucose, blood pressure, HDL-cholesterol (whites only) and triglycerides (African Americans only) than overweight gainers. However, normal weight African-American weight gainers had more adverse changes in total (3.1 mg/dl (0.2, 6.1)) and low-density lipoprotein-cholesterol (3.4 mg/dl (0.6, 6.3)). Conclusions: Baseline weight status does not appear to influence the size or direction of risk factor changes among adults who maintained their weight over 15 years. In contrast, weight gain was associated with changes in some risk factors differentially by baseline weight status.
Introduction
In the United States, an estimated 45% of overweight (body mass index (BMI): X25.0 kg/m 2 ) adults self-reported that they were 'trying to lose weight'. 1 Some of them will successfully lose weight; however, the majority of adults will regain the weight within 3-5 years. 2, 3 Given the difficulty adults experience in losing weight and maintaining the weight loss, a more feasible public health goal for some adults may be maintaining their current weight. In addition, it is important to clarify the potential health benefits of weight maintenance as opposed to weight gain in normal weight (BMI: 18.5-24.9 kg/m 2 ). This is especially important during the transition period from young adulthood to middle age when most Americans gain weight. 4, 5 Major weight gain (X5 BMI units) occurs in both normal and overweight women and men. 4 The adverse effects of weight gain and the benefits of weight loss have been well documented; however, less is known about the effects of weight maintenance on cardiovascular disease (CVD) risk factors and whether these effects differ by baseline weight status. That is, does maintaining weight have a protective effect for further adverse changes in CVD risk, and is this effect better or worse for those who are overweight at baseline and, therefore, presumably have a more adverse risk factor profile at baseline? The two most relevant studies identified, while not definitive analyses on these issues, give results in opposite directions for maintaining versus gaining weight. St Jeor et al. examined both of these issues in data reflecting 5-year changes in lipids and blood pressure. 6 The focus of this analysis was on developing a classification scheme to differentiate weight losers, maintainers and gainers. These authors reported significant differences between the weight change groups for some risk factors (more adverse in gainers than in maintainers or losers). The data presented suggested more adverse lowdensity lipoprotein (LDL) changes among maintainers who were obese at baseline versus normal weight at baseline, particularly among women. Norman et al. examined 10-year changes in lipids and blood pressure associated with weight gain in the Coronary Artery Risk Development in Young Adults (CARDIA) study cohort, but used data from nonweight gainers and weight losers combined as the comparison group. 7 An analysis stratified on weight status suggested that LDL changes associated with weight gain were less adverse in those overweight at baseline. Although both studies found significant differences between weight maintenance and weight gain, neither study examined the impact of baseline weight status and CVD risk factors among weight maintainers or weight gainers separately. This study specifically addresses the joint issues of weight maintenance versus gain and baseline weight status as potential influences on CVD risk factors, based on 15 years of follow-up in the CARDIA study. The risk factors examined were fasting glucose, systolic and diastolic blood pressure, total, LDL and high-density lipoprotein (HDL)-cholesterol, and triglycerides. We hypothesized that changes in risk factors over 15 years would be more adverse in adults overweight at baseline compared to adults' normal weight at baseline, in both weight maintainers and weight gainers, and in both African-American and white men and women.
Materials and methods

Study population
The CARDIA study is a prospective observational study designed to examine the evolution of cardiovascular risk factors among 5115 young adults aged 18-30 at baseline (1985) (1986) . Participants were recruited from four clinical sites in Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA. Sampling was designed to achieve approximately equal distributions across gender, ethnicity (African American, white), age (18-24, 25-30 years) and education (high school or less, greater than high school) groups. The details of the study design and recruitment protocol have been described previously. 8 Participants were re-examined at years 2, 5, 7, 10 and 15 with retention rates of 90, 86, 81, 79 and 74% of surviving participants, respectively. Approximately 2.5% of the study cohort died during the 15 years of follow-up. This study was approved by the Institutional Review Boards (IRB) at each field center and this analysis was approved by the University of North Carolina at Chapel Hill Public Health IRB.
Measures and covariates
Body weight was measured at all clinic examinations in light clothing to the nearest 0.2 pound using a balance beam scale. Height was measured to the nearest 0.5 cm without shoes using a vertical ruler. Body mass index was calculated as weight in kilograms divided by height in meters squared. We excluded body weights if the participant was currently pregnant at any examination or had been pregnant (413 gestational weeks) within the 180 days before clinic examination (n ¼ 724). Among participants who attended the 15-year examination, 90% had a valid measured weight for at least five of the six clinic examinations. Baseline weight status was categorized as normal weight or overweight. Body weights measured over 15 years of follow-up were examined to identify participants who met our criteria for weight maintenance or weight gain. Participants were classified as weight maintainers if they met one of the two following conditions: (1) follow-up (year 15) weight was within 5 pounds of baseline (year 0) weight; or (2) baseline and follow-up weights were within 5 pounds of average weight calculated for each participant over all visits during the 15-year interval. Participants were classified as weight gainers if they did not meet either weight maintainer definition and gained greater than 5 pounds between baseline and the 15-year follow-up.
As a measure of weight fluctuation, we calculated the root mean square error deviation (RMSE) around the regression line of weight in relation to age for each subject, using all available measured weights. A low RMSE indicates less weight fluctuation and a large RMSE large weight fluctuation, independent of the overall trend (gain, loss, maintain). Root mean square error deviation was correlated with baseline BMI (r ¼ 0.47) and with 15-year weight change (r ¼ 0.21), indicating that participants who were heavier and who gained more weight had greater fluctuations in weight.
Study participants were asked to fast for 12 h before their clinic examination. Age (date of birth), race/ethnicity and gender were selfreported during the recruitment phase and confirmed during the clinic visit. Educational attainment was based on selfreported number of years of schooling and the highest degree earned at the 15-year follow-up examination. Based on the participants' responses, we created six education levels (less than high school education, high school graduate, associate degree, some college, bachelors degree and advanced degree). For some analyses, we combined the less than high school and high school groups and the associate degree and some college groups. Elapsed time between examinations was calculated using the baseline and follow-up examination dates. Based on the participants' selfreported responses to questionnaires on cigarette smoking, alcoholic beverage consumption and physical activity at baseline and follow-up examinations, we created variables that reflected status at the beginning and end of the 15-year interval. Responses from the intermediate examinations were ignored. For cigarette smoking status, participants were classified as never-smokers (never-smoker at baseline and follow-up); former smokers (previous smoking history at baseline or follow-up) or current smokers (smoker at followup). The self-reported number of servings of alcoholic beverages (beer, wine and liquor) consumed per day was used to calculate average grams of alcohol consumed per day. 13 The four categories created for alcoholic beverage consumption were none or rare (0 g/day at baseline and follow-up), current light to moderate (1-20 g/day at followup), current heavy (X21 g/day) and former (X1 g/day at baseline and 0 g/day at follow-up). Physical activity level was measured using the CARDIA physical activity history questionnaire, an interviewer-based self-report of duration and intensity of participation in 13 categories of exercise over the previous 12 months 14, 15 and expressed in 'exercise units'.
Cut points for the participation levels for total physical activity (low, medium and high) were based on the distribution of the whole cohort at baseline. Using data from the baseline and follow-up examinations, participants were classified into four mutually exclusive participation groups (consistently in the medium or high group, consistently in the low group, low at baseline and medium or high group at follow-up only, or medium or high at baseline and low at follow-up).
Exclusions
Participants were excluded if they were not measured in the 15-year follow-up examination (n ¼ 1443); missing baseline (n ¼ 15) or follow-up (n ¼ 63) weight; underweight (BMI o18.5 kg/m 2 ) at baseline (n ¼ 145); a weight loser (n ¼ 167); or reported being diagnosed with diabetes before 18 years of age (n ¼ 6). For analyses of glucose, LDL-cholesterol or triglycerides, we excluded participants with fasting times less than 8 h at baseline (n ¼ 67) or follow-up (n ¼ 132). Additional participants were excluded for outcome-specific analyses if they were missing baseline or follow-up levels for glucose (n ¼ 149), blood pressure (n ¼ 10), total cholesterol (n ¼ 67), LDL-cholesterol (n ¼ 162), HDL-cholesterol (n ¼ 67) or triglycerides (n ¼ 126). For analyses of glucose, participants who self-reported having diabetes or had fasting glucose levels 4126 mg/dl at baseline (n ¼ 23) or follow-up (n ¼ 169) were excluded. Participants who self-reported taking antihypertensive (n ¼ 27) or cholesterol lowering (n ¼ 2) medications at baseline were excluded when the outcome of interest was blood pressure or plasma lipids, respectively. We also excluded participants who had extreme values for diastolic blood pressure (n ¼ 3), total cholesterol (n ¼ 5) and LDL-cholesterol (n ¼ 1). The distribution of changes in triglyceride levels was not normal, and we were unable to achieve normality through transformations. We did achieve an approximately normal distribution by excluding participants with changes in triglycerides that were greater than 3 s.d.'s (225 mg/dl) from the mean change (n ¼ 54).
Statistical analysis
We found statistical significant interactions (Po0.05) between ethnicity and weight change, but not between gender and weight change; therefore, all of the analyses were run separately for whites and African Americans with the gender groups combined. The objective of this study was to compare changes in risk factors between normal weight and overweight adults independent of their weight change group; therefore, separate multivariable linear regression models were run for weight maintainers and weight gainers. Baseline and follow-up models were adjusted for age and gender. The 15-year change models were adjusted for age, gender, education, baseline risk factor level, smoking status, alcoholic beverage consumption status, physical activity, weight fluctuation, elapsed time between examinations and field center. When examining weight gain, the blood pressure and lipid models were also adjusted for antihypertensive and Changes in risk factors for cardiovascular disease KP Truesdale et al lipid-lowering medications at follow-up, respectively. Owing to the small number of white and African-American weight maintainers on antihypertensive (5 and 16) and lipidlowering medications (7 and 4) at follow-up, we did not adjust those models for medication usage. Data were analyzed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
The demographic characteristics of normal weight and overweight maintainers by ethnicity are shown in Table 1 . The mean baseline age was similar among whites but slightly higher among normal weight African-American weight maintainers compared to overweight weight maintainers. Among weight maintainers, a larger distribution of overweight white adults was male, whereas the opposite pattern was seen among African Americans. The mean 15-year weight change was higher among white normal weight maintainers (1.9 lbs) compared to white overweight maintainers (0.2 lbs), but was fairly consistent among African Americans (0.8-1.0 lbs) across baseline weight status groups.
Normal weight maintainers had less weight fluctuation over 15 years compared to overweight weight maintainers of the same ethnicity. The distribution of education, smoking status, alcoholic beverage consumption status and physical activity levels were similar in the two weight status groups for whites and African Americans.
White and African-American weight gainers who were normal weight at baseline were slightly younger and had less weight fluctuation over 15 years compared to overweight participants of the same ethnicity (Table 2 ). Our definition of weight gain allowed for a larger weight change range compared to our weight maintenance definition; therefore, the mean 15-year weight change varied significantly between those who were normal weight versus overweight at baseline among whites (27.7 versus 37.6 lbs) and African Americans (37.0 versus 45.8 lbs). In addition, there was more weight fluctuation over 15 years in those overweight versus normal weight at baseline. Among weight gainers who were white and normal weight at baseline, they were more likely to be male and were less educated compared to overweight weight gainers, but there was no association with gender or education in African Americans. Compared to normal weight gainers, overweight weight gainers were less likely 
to be consumers of alcoholic beverages at the 15-year followup visit. The distribution of cigarette smoking and physical activity levels were similar between normal weight and overweight gainers for whites and African Americans.
Weight maintainers
The age-and gender-adjusted mean levels of the risk factors at baseline and follow-up for weight maintainers who were normal or overweight at baseline by ethnicity are shown in Table 3 . Among white and African-American weight maintainers, both baseline and follow-up mean risk factor levels were more favorable in normal weight compared to overweight participants, although differences were sometimes small and not statistically significant. When comparing the fully adjusted 15-year mean change in risk factors among white (Figure 1a) and African-American (Figure 1b) weight gainers, we found that, regardless of baseline weight status, weight maintenance was associated with either improvement or no significant change in glucose, total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides (normal weight only), systolic blood pressure (except for overweight African Americans) and diastolic blood pressure (overweight whites only). Among weight maintainers in both ethnic groups, there were no significant differences between normal compared to overweight participants in the direction and magnitude of the 15-year changes in any of the outcomes with two exceptions. Normal weight white maintainers had significantly more favorable changes in HDL-cholesterol (3.3 mg/dl, 95% confidence interval (CI): 0.4, 6.3) and less adverse changes in triglycerides (À14.7 mg/dl, 95% CI: À25.8, À3.7) than overweight white maintainers, respectively. After stratifying the models by gender (data not shown), we did find significantly less adverse change among normal weight maintainers in glucose and LDL-cholesterol (African-American women only), HDL-cholesterol (white men and African-American women) and triglycerides (white women).
Weight gainers
The age-and gender-adjusted mean levels of the risk factors at baseline and follow-up for weight gainers who were normal weight or overweight at baseline by ethnicity are shown in Changes in risk factors for cardiovascular disease KP Truesdale et al Table 4 . Among white and African-American weight gainers at baseline, mean risk factor levels were more favorable among young adult who were normal weight at baseline compared to overweight. After 15-years of follow-up, normal weight white and African Americans who gained weight still had significantly lower glucose, systolic and diastolic blood pressure, LDL-cholesterol (whites only), and triglycerides and higher HDL-cholesterol compared to overweight adults who gained weight. There was no statistically significant difference in total cholesterol at follow-up between normal weight and overweight adults who gained weight.
As expected, weight gain over 15 years was associated with unfavorable changes in risk factors. When comparing the differences in the 15-year changes in CVD risk factors, we found, among whites (Figure 2a) , significantly larger adverse changes in overweight compared to normal weight participants for glucose (À2.6 mg/dl, 95% CI: À3.7, À1.6), systolic blood pressure (À3.3 mm Hg, 95% CI: À4.6, À1.9), diastolic blood pressure (À2.7, 95% CI: À3.8, À1.6) and HDLcholesterol (1.6, 95% CI: 0.2, 2.5). Changes in total cholesterol, LDL-cholesterol or triglycerides by baseline weight status among whites. However, a different pattern was observed in African Americans (Figure 2a) . Overweight adults had significantly more adverse changes in glucose (À1.7 mg/dl, 95% CI: À2.8, À0.6), systolic blood pressure (À2.3 mm Hg, 95% CI: À4.0, À0.7), diastolic blood pressure (À1.4 mm Hg, 95% CI: À2.7, À0.1) and triglycerides (À9.5 mg/dl, 95% CI: À14.7, À4.3) compared to normal weight gainers. In contrast, total and LDL-cholesterol changes were less adverse in overweight compared to normal weight African Americans, 3.1 mg/dl (95% CI: 0.2, 6.1) and 3.4 mg/dl (0.6, 6.3), respectively. The 15-year changes in HDL-cholesterol were less adverse among normal weight adults compared to overweight adults, although not statistically significant among American Americans.
After stratifying the models by gender (data not shown), we found significant differences among white women and men for glucose, systolic and diastolic blood pressure, HDL-cholesterol (women only) and triglycerides. In addition, 15-year changes in LDL-cholesterol were significantly less adverse among overweight white men compared to normal weight white men. Among African Americans, the significant differences between normal and overweight weight gainers were found only in women for glucose, Changes in risk factors for cardiovascular disease KP Truesdale et al systolic and diastolic blood pressure, HDL-cholesterol and triglycerides and total and LDL-cholesterol in men.
Discussion
There is currently no standard definition for weight maintenance. Our review of nine studies 6, [16] [17] [18] [19] [20] [21] [22] [23] ). We chose to use of a relatively narrow or strict definition for weight maintenance. We defined weight maintenance using the change in weight between baseline and the 15-year follow-up; however, we Changes in risk factors for cardiovascular disease KP Truesdale et al also took some advantage of the repeated weight measures available in the CARDIA study by using the average weight for each participant in all visits as part of a second criterion for weight maintenance. Approximately 56% of the participants classified as weight maintainers here met both definitions.
To our knowledge, this is first study to examine whether the presumed benefits of weight maintenance for CVD risk were similar regardless of baseline weight status and to address this question in both African-American and white men and women. The results indicate that 15-year changes in glucose, blood pressure and lipid levels were comparable among weight maintainers regardless of whether they were normal weight or overweight at baseline, except for triglycerides among whites. Mean risk factor levels among overweight adults, which were more adverse at baseline compared to normal weight adults, therefore remained more adverse even without further weight gain, consistent with other published studies, 2,24-28 but did not worsen disproportionately. A pattern of less adverse changes among those who were normal weight at baseline was suggested in gender stratified analyses, although the observed statistically significant differences between normal weight and overweight maintainers were not for the same risk factors in men and women. With respect to weight gain, we had hypothesized more adverse changes in risk factors among adults overweight at baseline, as compared to adults' normal weight at baseline. This was true for glucose, systolic and diastolic blood pressure, HDL-cholesterol (whites only) and triglycerides (African Americans only). However, contrary to our expectations, changes in total cholesterol and LDL-cholesterol were less adverse in those overweight at baseline -opposite to our hypothesized results.
A possible explanation for the unexpected findings (less adverse changes associated with weight gain among adults overweight at baseline) is that the contributions of energy intake versus energy expenditure to weight change may vary by baseline weight status. For example, adults overweight at baseline could have been more likely than adults' normal weight at baseline to gain weight because of changes in caloric intake rather than caloric expenditure. Sternfeld et al. 20 compared changes in physical fitness and lipid profile in the CARDIA study using 7 years of follow-up. Among Figure 2 The 15-year mean changes and 95% confidence intervals for cardiovascular disease risk factors among white (a) and African-American (part b) weight gainers who were normal weight or overweight at, the Coronary Artery Risk Development in Young Adults (CARDIA) study, 1995-2001. All models were adjusted for gender, age, education level, baseline risk factor, smoking status, physical activity, alcoholic beverage consumption status, field center, elapsed time between visits and weight fluctuation. Blood pressure and lipid models were adjusted for antihypertensive and lipid-lowering medications, respectively. *Significant difference (Po0.05) between normal weight gainers and overweight gainers.
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Observational studies have shown direct associations between weight change during young adulthood and coronary heart disease (CHD) later in life. In the Framingham Heart Study, weight gain was associated with increased risk of CVD in men and women. 31 The authors concluded that the 'increased risk could not be attributed either to the initial weight or the levels of the risk factors that may have resulted from weight gain'. Willett et al. examined the association between weight gain from 18 years of age until 30-55 years of age and subsequent incidence of CHD events (non-fatal myocardial infarction or fatal CHD). 28 They found that women who gained weight gain were at greater risk of CHD compared to weight-stable (74.9 kg) women within each baseline BMI category. 28 Similar results were found using data from the Health Professionals Study (weight maintenance defined as 72.0 kg) 32 and a multifactor primary prevention trial in Goteborg, Sweden (weight maintenance defined as 74%). 33 However, none of these studies examined the effect of weight status after stratifying by weight change category. Although weight loss has been effective in short-term clinical trials [34] [35] [36] examining CVD risk factors and diabetes prevention, long-term weight loss has proven to be extremely difficult to maintain. 2, 3 This study suggests that weight maintenance may prevent or attenuate many of the unfavorable changes often associated with aging, that is, aging accompanied by weight gain. Further, the benefits of weight maintenance on changes in risk factors appear to apply to both normal and overweight adults. This does not mean that risk factor levels are equivalent in the adults' normal weight and overweight at baseline, but that changes in risk factors can be similar if weight is maintained. Despite similar changes by baseline weight status, overweight adults remain at increased risk for diabetes and CVD based on the seven risk factors we examined. We are aware that the results from this study could have varied if we used a different definition of weight maintenance. 37 Subsequent analysis using a cut-point of 73.0%
gave similar results. Regardless of whether we used more liberal or conservative definitions for weight maintenance and weight gain, the differences between normal weight and overweight subjects tended to be in the same directions but with some slight variations in magnitudes. In general, the differences in significance that we observed were owing to how the different sample sizes impacted our power to detect significant differences between normal and overweight subjects.
The alarming obesity trends occurring in the US 38 are apparent among the CARDIA participants who experienced large mean weight changes over 15 years of follow-up. The average, 15-year weight change exceeded the American Institute for Cancer Research (AICR) recommended weight gain for adults of less than 5 kg (11 lbs). 39 Our findings showed stability and even improvement in several CVD risk factors among normal and overweight white and African Americans who maintained their weight over 15 years.
